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ABSTRACT

While examining the shoulders of 91 professional and semi-professional beach volleyball players, the
authors observed two cases of grave atrophy of the deltoid muscle following painless axillary neuropathy,
not resulting from any trauma. The causes, the clinical history and the untreated history of the entrapment
of the axillary nerve in the quadrilateral space in sportsmen, are discussed on the basis of the presentation
of the two cases illustrated and from existing literature.
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INTRODUCTION

There is a high prevalence of cases of atrophy of the
infraspinatus muscle of the hitting shoulder (30%)
in athletes playing beach volleyball at the competi-
tive level, arising from the damage to the suprascap-
ular nerve.! On the contrary, non-traumatic atrophy
of deltoid muscle consequent to axillary neuropathy
in overhead sports is a rare event.?

Some authors®associate a compressive axillary nerve
injury with the neuropathy of quadrilateral/quadran-
gular space (or Velpeau space).*’A space delimited
superiorly by the inferior margin of the subscapularis,
inferiorly by the superior margin of the teres major,
medially by the external margins of the long head of
the triceps, externally by the humerus surgical neck
and the inferior portion of the glenohumeral joint.

The axillary nerve runs through the quadrilat-
eral space together with the posterior circumflex
humeral artery, and in its most common conforma-
tion it innerves the anterior, middle and posterior
deltoid with its anterior branch, and the teres minor
and the lateral skin of the arm and the posterior
deltoid with its posterior branch.® Axillary nerve
compression causes Quadrilateral space syndrome
(QSS), which usually causes disabling, painful symp-
toms causing the athlete to suspend any sport activ-
ity for long periods.” Duparc et al® observed many
anatomical variants of the axillary nerve related to
different origins of collateral nervous branches, and
this anatomical inconsistency may be a reason for
frequent dissociation between sensitive and motor
deficiency.

In the current case report series, the authors report
two cases of deltoid muscle atrophy, caused by pain-
less non-traumatic neuropathy of the axillary nerve,
found while examining 91 professional and semi-
professional beach volleyball players.

CASE 1

A 49-year old player, who had been playing beach
volleyball for over 15 years, presented a severe
atrophy of the right deltoid (the hitting shoulder)
(Figure 1). The athlete reported having noticed the
localized loss of muscular volume approximately 12
years before, but had not considered the necessity
to interrupt sport competition nor the necessity to
have therapy because of the lack of shoulder pain.

Figure 1. Subject 1: Clinical presentation at the examination.

At physical examination, rotator cuff tests, including
the “hornblower’s” sign and the power of external
rotation in 90° of abduction in the scapular plane
exam for the teres minor,° were negative. The Neer’s
sign and the sulcus sign'®! were also negative. Digi-
tal pressure caused no pain at any point. A consider-
able reduction of strength in forward flexion of the
shoulder, grade 4 Medical Research Council (MRC)
scale with slight resistance, was observed.

The results of electromyography (EMG) and electro-
neurography (ENG) (Table 1) highlighted stabilized
neurogenic damage of the right deltoid muscle; the
Motor Unit Potential (MUP) were of increased aver-
age amplitude and duration in the deltoid muscle,
with reduced voluntary recruitment of an interme-
diate/simple type. The compound Motor Action
Potential (cMAP) of the right deltoid muscle for the
stimulus of the axillary nerve at the point of Erb,
showed symmetrical latency and amplitude in com-
parison with the contralateral.

At the time of the evaluation, this athlete was among
the top twenty players in the final phase of the Ttal-
ian championship.

CASE 2
The second subject was a 26-year old female player,
who had been playing competitive volleyball since

Figure 2. Subject 2: Clinical presentation at the examination.
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MNCV . Latency | Amplitude Duration Area
CASE Site/Segment ) (mV) i) ()
Axillary R | deltoid/Erb 34 1.6 20.9 10.4
Axillary L | deltoid/Erb 3.1 2.1 21.6 11.2
1 Spontaneous . . Amplitude .
EMG it Fasciculation MUP Recruitment
Anterior intermediate/
deltoid R | Dsent absent - simple
. Latency | Amplitude Duration Area
MNCV  Site/Segment ) (mV) () ()
Axillary R | Deltoid/Erb 4.6 4.8 17.8 20.4
Axillary L | Deltoid/Erb 4.0 8.8 12.8 34.5
2 Spontaneous Lo Amplitude .
EMG ity Fasciculation MUP Recruitment
Anterior . .
deltoid R absent absent + interferential
IMNCV= motor nerve conduction velocity; EMG= electromyography; R= right; L= left; MUP4
Motor Unit Potential.

the age of 13, and for six years as a professional beach
volleyball player who had noticed a hollow corre-
sponding to the right shoulder (the hitting shoul-
der) approximately two years before. The shoulder
was completely without pain and therefore she had
considered it unnecessary to seek medical advice.
Palpation of the shoulder showed no painful points;
all rotator cuff tests and the sulcus sign were nega-
tive. The articular excursion was symmetrical to the
contralateral on all planes. A severe reduction in
the strength in forward flexion of the arm, Grade 4
MRC scale with slight resistance, was observed. EMG
highlighted no spontaneous activity at rest in deltoid
muscle (anterior/posterior); average amplitude and
duration MUP increased, with normal interferential
type voluntary recruitment, explainable as an expres-
sion of neurogenic damage of the deltoid muscle.
The ENG indicated demyelination axonal damage of
the axillary nerve with deltoid muscle cMAP asym-
metric and slightly reduced amplitude compared
to the contralateral for the stimulus of the axillary
nerve at the point of Erb (amplitude right 4.8- left
8.8) (Table 1). The Musculoskeletal Ultrasound scan
(US) of the shoulder highlighted a marked reduction
in the volume with an increase in the echogenicity
of the deltoid muscle and a reduction in the thick-
ness, associated with a finely hyperechoic structure
of the teres minor muscle (Figures 3 and 4). At the

time of the first evaluation, the athlete had qualified
for the quarterfinals of the second phase of the Italian
championship.

DISCUSSION

Causes of QSS

When described initially, the compression of the
axillary nerve in the quadrilateral space was related
to the presence of fibrous transverse bands. These
bands were proposed to reduce the quadrilateral
space, constrict the nerve, and sometimes the axil-
lary artery. Mc Clelland et al "*reconsidered this eti-
ological hypothesis, when during the dissection of
16 shoulders they identified fibrous bands between
the teres major and the long head of the triceps in 14
cases, which would reduce the volume of the quadri-
lateral space during both internal and external rota-
tion of the glenohumeral joint.

Other authors® have suggested that friction or irrita-
tion of the axillary nerve occurs during in its pas-
sage around the posterior glenoid or by compression
by the hypertrophied portion of the subscapularis,
which inserts itself on the humerus just under the
lesser tuberosity. Chen et al'®* have identified a
dense fibrous tissue which envelopes the axillary
nerve making it adhere to the long head of the tri-
ceps muscle. Ischima et al, '* in one case, identified
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Figure 3. Musculoskeletal Ultrasound scan. Subject 2: transverse scan (patient seated, probe placed laterally to shoulder convexity) showing
the increase in the echogenicity of the right anterior deltoid muscle (*) with reduction of the thickness with respect to the contralateral.

Figure 4. Musculoskeletal Ultrasound scan, Subject 2: transverse scan (patient seated, probe placed posteriorly at the course of the teres
minor muscle) comparing the right and left teves minor, showing the reduced thickness of the right teres minor (*), which seems to have a

finely hyperechoic echostructure.

a ganglion cyst originating from the joint capsule as
the cause of the nervous compression. Furthermore,
a dilated vein may provoke QSS.*

Clinical Presentation in QSS

Poorly localized pain in the upper limb, sometimes
persisting overnight, is a typical symptom of axillary
neuropathy from entrapment in the quadrilateral
space. Other times the pain has a prevalent anterior
or posterior presentation with unusual forearm and
hand distribution of paresthesia. Sometimes, flexion
and external rotation or abduction of the shoulder with

or without external rotation, makes the symptoms
worse, either immediately or after a few minutes,.'5'”
However, more frequently, the pain is undefined, or
rather vague.'®'%%

Paladini et al” describe two cases of volleyball play-
ers with initial symptoms of hypoesthesia in the
region of the axillary nerve, or of dysesthesia, pain-
ful during abduction, associated with progressive
atrophy of the deltoid.

Granted that the physical and neurological examina-
tions may be completely within the norm,” Manske
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et al* underlined the importance of examining for
tenderness with digital pressure in the area corre-
sponding to the quadrilateral space. In their clini-
cal observation, baseball pitchers frequently have a
thick band along the margin between the teres minor
muscle and the infraspinatus muscle, which may be
attributed to the hypertrophic connective tissue of
the musculature of these athletes. Therefore, they
report this thickening is frequently associated to QSS.

For QSS diagnosis McClelland et al'* suggest a pro-
vocative test carried out by putting the arm to be
examined in abduction at 90° and rotating it inter-
nally and externally in order to attempt to reproduce
the symptoms. Chautems et al,®® in one case report,
reproduced the QSS with the Falconer maneuver.
This test is performed asking the patient to retract
and then depress the shoulder and to hold this posi-
tion for one minute.

However, in all QSS cases reported in literature, there
are descriptions of more or less disabling symptoms
of which pain, and not atrophy of the deltoid muscle,
is the predominant aspect in the array of symptoms:
resulting in patients usually resorting to medical treat-
ment and suspending sport activity for many months.

In the cases described herein, pain was completely
absent in both subjects, however, the deltoid atrophy
and the consequent reduction of strength in forward
flexion of the shoulder were the only clear clinical
manifestations of the axillary neuropathy.

Instrumental Diagnosis of QSS

In QSS, the electrodiagnostic exams are often com-
pletely normal. Other times, the EMG and ENG
identify damage to the axillary nerve of various
seriousness with axonal involvement and/or long
period persistent denervation.* In order to confirm
QSS diagnosis, some authors have suggested study-
ing the posterior circumflex artery with angiography
or NMR angiography in order to identify its oblit-
eration when the limb is placed in abduction and
extrarotation.>* Mochizuki et al*® however, have
shown that, with the limb in this position, the occlu-
sion of the posterior circumflex humeral artery is
frequent even in completely asymptomatic patients.

Linker et al'® recognize an important diagnostic ele-
ment of the syndrome with regard to the atrophy of

the teres minor which is examined using a nuclear
magnetic resonance (NMR) scan, whether there is
any alteration of the deltoid or not. Cothran et al®
state the extreme rarity of the isolated lesion of the
teres minor, and in 2436 NMR examination scans
of the shoulder, they identified 0.8% of the cases as
atrophy or an abnormal sign of this muscle, attribut-
able to QSS.

In a clinical case of QSS, Brestas et al*” observed lim-
ited volume reduction and increased echogenicity of
teres minor using Musculoskeletal US. Data was con-
firmed by the EMG, NMR scan and by surgery. Simi-
larly, the US scan described in case two highlighted
a reduction in the volume and a finely hyperechoic
structure of the teres minor.

Course of QSS

The course of the neuropathy does not always have
the same characteristics and while surgical neuroly-
sis is sometimes indispensable to treat a severe syn-
drome, in other cases the painful symptomatology
may cease after a period of rest and conservative
treatment; in one case, the sportive arm movement
was modified to decrease symptoms.”

Sometimes the dysfunction of the deltoid, even if
only partial, causes a serious and non-tolerable loss
of function of the shoulder, and therefore requires
correction with a palliative surgical operation such
as a tendinous transfer.® According to Resch et al,*
the dysfunction of just the anterior portion may pre-
clude any overhead activity, especially when this is
associated with a damage to the rotator cuff. By acti-
vating alternative biomechanical mechanisms, some
subjects are able to raise their arm quite well despite
the complete paralysis of the deltoid; *° young ath-
letes can compensate for the complete paralysis
of the deltoid in their daily activities with limited
disability.*

The subjects presented in these case reports demon-
strated the athlete’s remarkable ability to compen-
sate unconsciously for the serious deltoid atrophy,
in order to maintain their competitive athletic per-
formance. Therefore, axillary neuropathy in some
athletes may represent a clinical event similar to
that frequently occurring due to suprascapular
nerve lesions. As reported by several authors, in the
majority of cases, this neuropathy is asymptomatic
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and causes no perception of any functional disabil-
ity in athletes.?233

This does not mean that the complete or partial loss
of the deltoid muscle capacity can be ignored. Harm-
ful effects on physical function of the limb may
appear over a lifetime. For this reason, the medical
and athletic staff who look after the players should
pay particular attention to the earliest possible iden-
tification of QSS.

Early Diagnosis and Treatment in Silent
Deltoid Atrophy

With the absence of the standard symptomatologi-
cal pattern, the suspicion of an axillary nerve injury
may be due to a sudden reduction in the forward arm
flexion ability or power; that may be perceptible but
not considered disabling by the athlete. Meanwhile,
medical and athletic staff should conduct a thorough
examination, which can lead to proper diagnostic
protocols that may include electrodiagnostic exam,
and an NMR and/or US examination to evaluate the
volume and structural changes present in the del-
toid and teres minor muscles. US could be used even
to monitor the pathology progression.*

Treatment must take into consideration the suspen-
sion of sport activity and drug administration with
physical therapy in order to support nerve and mus-
cles regeneration. As reported by Steinmann et al,** in
axillary injury surgical treatment may be considered
if no evidence of recovery is noted on physical exami-
nation or electrodiagnostic studies after a course of
three months.

In volleyball disciplines, considering QSS multi form
clinical expression, the authors cannot exclude the
possibility that axillary neuropathy is more frequent
than expected. Thus, considering the difficulty in
making this diagnosis, QSS is often confused with
other common pathologies of the shoulder and there-
fore may be subject to incongruous treatment. '°

CONCLUSIONS

The two cases presented demonstrate the presence
of deltoid atrophy in two of 91 competitive level
beach volleyball athletes, representing a prevalence
of 2.2% occurring from presumed neuropathy of the
axillary nerve. This report presents the first epide-
miological data related to this syndrome in athletes

who participate in volleyball. The cases were identi-
fied exclusively using physical examination of the
shoulder and the athletes’ medical history, which
was not selectively focused on the research of this
neuropathy. The authors cannot exclude the possi-
bility of finding a higher percentage of cases of silent
or symptomatic axillary neuropathy in similar ath-
letes in clinical epidemiological studies, considering
that it is common for this type of athlete to compete
despite pain or dysfunction that may be present in
their shoulder.®
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